The availability and abundance of surface water on the Manyeleti Game Reserve was quantified to provide information towards the development of a water provision policy. A total of 696 water source sites were located with a mean distance of 223.3 m apart. The water source sites (natural and artificial) were monitored seasonally to describe the seasonal availability of surface water on the Manyeleti Game Reserve. There were significant relationships between seasonal rainfall and the number of water source sites and maximum distance between sites. The large number of water sources is regulated by climatic progression and thus water provision on the Manyeleti Game Reserve follows a natural cycle linked primarily to rainfall. Water sources that dry up towards the dry seasons need to be supplied with water during drought periods in order to maintain game numbers without causing rangeland degradation. A water provision model that incorporates all the variables of the Greater Kruger Park Conservation Area, with particular reference to the smaller conservation areas within it, should become a research priority.
Introduction
Managers of protected areas have few effective methods at their disposal for controlling the movements of game. Water provision is one of the main interventions available to managers, along with a fire policy and population culling (Owen-Smith 1996) . The availability and distribution of water sources can influence ecosystem structure and function at a range of scales and organisational levels through its influence on various processes and feedbacks affecting both animals and plants (Gaylard et al. 2003) . Only the spatial and temporal variability of artificial water sources (such as boreholes) can be controlled by reserve management. Natural water sources vary over space and time in relation to various environmental factors. Broadscale heterogeneity in surface water availability and distribution is caused by geology (Gaylard et al. 2003) . Fine-scale heterogeneity in surface water availability and distribution is caused by rainfall patterns that vary over decades (wet and dry periods), years (El Niño oscillations) and seasons (Gaylard et al. 2003) . Water persistence is additionally influenced by evaporation rates (Gaylard et al. 2003) . The size of a conservation area will relate to the effects surface water availability and distribution will have on the area's spatial and temporal heterogeneity. The smaller the area, the more intensely it needs to be managed (Bothma 1996) , because such areas are not self-regulating (Trollope 1990) . Therefore, cognizance of the distribution, abundance, availability and the efficient maintenance of surface water (natural and artificial) are of paramount importance, as these factors have a profound influence on effective veld and game management (Young 1992) .
The history and development of water provision in the Kruger National Park and the recent revision of the present policy are discussed by Pienaar (1970) and Pienaar et al. (1997) . Gaylard et al. (2003) also discussed the associated implications of water provision for heterogeneity and ecosystem processes. The provision of water in conservation undertakings, in principle, aims to support herbivore populations during dry seasons especially drought periods and in doing so also minimises the influence of temporal variability in rainfall (Gertenbach 1980; Gaylard et al. 2003) . This was the driving thrust of the initial water provision policy of the Kruger National Park (Pienaar 1970; Pienaar et al. 1997) . Several studies in the Kruger National Park have documented the piosphere effect (Lange 1969 ) that dictate the impact of water provision on both the herbaceous and woody components of vegetation (Van der Schijff 1959; Thrash et al. 1991a; Thrash et al. 1991b; Thrash et al. 1993; Thrash & Derry 1999; Gaylard et al. 2003) . These effects become apparent, particularly during the dry season (Redfern 2002) . Zambatis (1980) indicated that waterpoints in the Klaserie Private Nature Reserve should not be closer than 5 km to one another in order to prevent range degradation and homogenisation of vegetation through coalescing of piopheres. Deleterious effects on game populations due to the injudicious provision of water have been documented for both the Kruger National Park as well as for the Klaserie Private Nature Reserve (OwenSmith 1996) . The increase in the number of water points, particularly in areas naturally devoid of water, can lead to the increase in the populations of water-dependant species such as zebra and blue wildebeest. This increase in game numbers in relation to increased water availability, during drought periods, can lead to potentially catastrophic game mortalities as a result of overgrazing (Walker et al. 1987; Owen-Smith 1996; Gaylard et al. 2003) . Thus abundant water supplies may support increased stocking levels but at the cost of the populations' ability to survive severe droughts (Owen-Smith 1996) . An indirect implication of water provision is also the potential loss of rare species by predation (Harrington et al 1999) , as a result of an increase in the densities of water dependant prey species in areas naturally devoid of water (Owen-Smith 1996; Gaylard et al. 2003) .
The value of a water policy based on conservation, the judicious placement and utilisation of water resources and habitat protection is apparent under drought conditions (Zambatis 1980) . Due to financial constraints, the management of the Manyeleti Game Reserve have been incapable of maintaining any artificial water sources. Therefore, a study investigating the water availability and distribution on the Manyeleti Game Reserve was needed in formulating a water provision policy. The eastern and southern fence-lines of the Manyeleti Game Reserve were dropped in 1996, creating an open conservation area, with definite management implications. Tourism is the driving objective of the Manyeleti Game Reserve. The inability to provide surface water during dry months and severe droughts will lead to the loss of game to adjacent conservation areas and so fail to realise the reserve's tourism objective.
The aim of this study was to assess whether water provision was a necessary management option in the Manyeleti Game Reserve to prevent wildlife from leaving the reserve during extended drought periods. The objectives were: to determine the number of water sources; to calculate the distance that herbivores had to traverse to locate water and how this distance varied through the course of the dry season; and to investigate the causes of surface water variability in the Manyeleti Game Reserve.
Study Area
The Manyeleti Game Reserve has a surface area of approximately 22 700 ha and is situated adjacent to the Kruger National Park, between 24°42'-24°23'S and 31°23'-31°36' E.
The reserve is open to both the Kruger National Park to the east and the Sabie Sands Private Nature Reserve to the south (Fig. 1) . Bredenkamp et al. (1983) and Bredenkamp (1985) described the location, climate, topography and soils of the area. Bre-denkamp (1982) classified and described the vegetation of the Manyeleti Game Reserve into seven main plant communities, viz.:
Perotis patens/ Terminalia sericea community occurring on granite derived soils; Euclea divinorum/ Acacia nigrescens community occurring on granite derived soils; Themeda triandra/ Acacia gerrardii community occurring on granite derived soils; Euclea divinorum/ Albizia harveyi community occurring on granite derived soils; Themeda triandra/ Setaria incrassata community occurring on gabbro derived soils; Cardiospermum corundum/ Acacia nigrescens community occurring on rocky hillocks; Spirostachys africana/ Diospyros mespiliformis community occurring along the rivers.
The annual average rainfall for the area varies from 450-600 mm (Bredenkamp et al. 1996) . The average medium-term ( Seven seasonal rivers traverse the Manyeleti Game Reserve (Fig. 3 ), viz., the Nwaswitsontso, Mluwati, Tswayini, Phungwe, Mthlowa, Ngwamutastsa and KaManghondzwane.
The full component of herbivores and predators are accommodated on the Manyeleti Game Reserve. The mobile water-dependant species (white rhinoceros; blue wildebeest; Burchell's zebra; elephant; buffalo) and nonmobile water-dependent species (impala; waterbuck; warthog) have the greatest impact on the formation of additional surface water resources and the utilisation of savanna areas (Grossman et al. 1999) in the wet and dry seasons respectively. Mobile and non-mobile water dependant game are generally defined based on the distances that they are capable of ranging from permanent surface water (Grossman et al. 1999 densities of non-mobile water dependant species decline appreciably beyond ± 5-6 km from permanent water. Mobile water dependant species are those that require drinking water regularly but which are able to range fairly far (10 km) from sources of water (Grossman et al. 1999) .
Methods
The study needed to identify all surface water, thus it was decided to traversed the study area on foot to accurately locate and map the water sources. The road network and rivers were used to divide the area into sections to allow the accurate and systematic location of water sources within a section. These divisions were traversed on foot with the use of six observers spaced 30 m apart. Parallel transects were maintained with the aid of a compass.
A 1:50 000 topographic map was used to initially plot the location of each water source. Water sources that were closer than a 50 m radius of one another were allocated the same geographical co-ordinates. With this, water source sites were created. At each water source, the site location with the aid of a Global Positioning System (GPS) was recorded, as well as each water source's category (natural pan, river pool, trough, artificial dam, catchment dam or burrow pit); permanence and water supply (rainfall, runoff and pump). These were quantified because the distances between water points are influenced by both natural and artificial sources of water. The water sources were monitored annually for the years 2000, 2001 and 2002 , respectively, at the end of the wet (throughout May) and dry (throughout August) seasons.
The final cartography and spatial analysis of the distribution of the water sources was done with a Geographical Information System (GIS). Rainfall data (i.e., the seasonal mean) used in the data analysis were collected from the Hans Hoheisen Wildlife Research Station, the Talamati weather station and the Gowrie gate of the Sabie Sands Private Nature Reserve (Fig. 1) . The functional relationship of the number and maximum distances between water source sites relative to the seasonal rainfall was tested by means of linear regression (y = b + mx) analyses (Zar 1996) . The null hypothesis was rejected if P ≤ 0.05. Significant relationships were taken to be sufficient evidence to conclude that rainfall was the determinant factor effecting the seasonal number and distance between water sources on the Manyeleti Game Reserve. A comparison of regression between rainfall of the previous three years (i.e., before 2000) and that of the current season (2000, 2001 and 2002) was assessed to validate the variability of surface water on the Manyeleti Game Reserve.
Results
The initial locating of the water sources started in June 1999 and ended in May 2000. Eight hundred and seventy water sources were found on the Manyeleti Game Reserve. The distribution of surface water is represented across 696 surface water sites ( Fig. 4 ; fact that in several cases more than one water source occurred at a particular site represented by a geographical co-ordinate. This was predominately the case with the natural pans. The proportion of water sources in the broad natural and man-made surface water categories were 87.2 % and 12.8 %, respectively ( Table 2 ). The mean distance between all the water source sites was 223.3 m (± 181.2 m) with the shortest and longest distances being 27.9 m and 1450 m accordingly (Table 1) .
There was a significant (P = 0.003) relationship between the number of water sources and the current season's rainfall (Fig. 5) , thus indicating that seasonal rainfall was the predominant cause of the number of water sources that held water during the study period. Distance, as a measure of water availability to game, had a descriptive relationship (in terms of the minimum, mean and maximum distances between water sources) with the seasonal rainfall. The distance between water sources increased as seasonal rainfall decreased, with the converse also apparent (Fig. 6 ). No significant relationship was found between minimum (P = 0.34) and mean distance (P = 0.22) with seasonal rainfall. A significant relationship (P = 0.04) was, however, found between the maximum distance between water sources and seasonal rainfall (Fig. 7) . The incorporation of the seasonal rainfall data of the previous 3 years into the data set to quantify the cumulative effect of rainfall on the current season's surface water availability was not significant (P > 0.05). This indicated that water availability on the Manyeleti Game Reserve is primarily regulated by the current and preceding year's rainfall. The mean distance (572.3 m ± 478.2 m) between water sources at the end of the dry season of 2000 (August) can be attributed to the high rainfall (1206.2 mm) during its current wet season and the above-average rainfall of the previous year's wet season (804.7 mm) (Fig 6) . The surface water availability is attributed (Fig. 6) . The average dry season distance between the man-made water sources (semi-permanent) ranged between 1056 m (± 656.5m) and 2280.2 m (± 1103.2 m) ( Table 3) .
Discussion
It is evident from the results that rainfall was the primary determinant of surface water availability. Years of high rainfall resulted in a large number of water source sites with water within close proximity to one another. With rainfall decreasing to below average, so the number of water source sites with water decreased, causing an increase in the distance between the water sources. The inability to find a significant relationship between the minimum and mean distances of water sources with seasonal rainfall could possibly be attributed to the large number of water sources (i.e. mostly within the natural water source category) that had several close distances measured between sites. This was clearly demonstrated in Fig. 6 where the mean distance was biased towards the minimum and not representative of the maximum distances measured in this data set.
The factors that have been shown to affect the availability of surface water in the Kruger National Park are primarily rainfall and secondary factors such as geology and evaporation (Gaylard et al. 2003) . In this study, the influence of rainfall on the persistence of surface water was primarily influenced by the rainfall of the previous year and the current season. It was not the cumulative effect of rainfall seasons longer than a year. In contrast, the cumulative influence of previous years' rainfall determine the persistence of river pools in the Kruger National Park (Gaylard et al. 2003) , this could possibly be linked to the variability of depth of the water table during the periods of below and above average rainfall. With the exception of the catchment dams, the water sources on the Manyeleti Game Reserve are away from rivers. The geology of the Manyeleti Game Reserve is largely homogeneous and thus differences in water availability relative to geology could not be ascribed. The soils are predominantly of granitic origin (Walraven 1986 ) and thus water loss through drainage could also be seen as a factor that determined water persistence through the dry season on the Manyeleti Game Reserve. Surface water in the Kruger National Park persist longer on the clayey basaltic soils in the east in contrast to the lower persistence of surface water on the more permeable granitic soils in the west (Gaylard et al. 2003) . Evaporation rates, although not examined, could also have been an additional factor that could have influenced the persistence of water sources on the Manyeleti Game Reserve.
With 696 sites at which water can be found after above-average to high wet season rainfall, water is abundant with minimal range (OwenSmith 1996) . Conversely, as the availability of water sources decrease so the grazing pressure around the remaining water sources increase (Young 1992; Thrash & Derry 1999; Redfern 2002) . This becomes more severe under drought conditions, particularly where permanent water-points are excessively close to one another resulting in starvation-induced mortalities which are attributed to reductions in forage capable of supporting high game densities (Owen-Smith 1996) . Game mortalities of this nature have occurred and been documented in the Klaserie Private Nature Reserve (Walker et al. 1987 ) and the central regions of the Kruger National Park (Gaylard et al. 2003) . Studies suggest that the average distance between surface water points should be ≥ 5 km in medium-sized nature reserves (Zambatis 1980 ), e.g., Manyeleti Game Reserve, and 15-30 km in extensive areas (Collinson 1983; Owen-Smith 1996) such as Kruger National Park, to prevent starvation. The mean dry-season distance between the man-made water sources (semi-permanent) varied between 1056 m and 2280 m. The Manyeleti Game Reserve is a small to medium-sized conservation area and thus spacing of less than 5 km could have deleterious effects on its vegetation. This would be a point of concern if the Manyeleti Game Reserve was a closed system (i.e. fully fenced). Fortunately, it is a semi open system, open to the Kruger National Park and the Sabie-Sands Private Nature Reserve (Fig. 1) . Game can move freely between the conservation areas and thus the effect of game densities relative to the distance between water sources is not as adverse as in an enclosed conservation system. The availability of surface water on the Manyeleti Game Reserve is dependant on rainfall and runoff. Temperature, rainfall and evaporation regulate the abundance of this surface water. Water is abundant in the wet season and becomes more widespread during the dry season. Thus in essence the availability and distribution of surface water conforms to a natural cycle and is favourable as it facilitates a natural rotational grazing sequence, relieving areas that have been over utilised as the water sources dry up.
Conclusion
The seasonal availability of water sources on the Manyeleti Game Reserve (natural and man-made) appears to conform to a natural regulating process influenced primarily by rainfall and possibly evaporation. The availability of surface water declines through the dry season, providing a natural sequence of game movement and reducing the pressure of grazing around water sources as they dry up. This scenario is favourable because the financial implications of maintaining a large number of artificially supplied dams by windmill or mechanical pump is reduced.
The primary objective of the Manyeleti Game Reserve is tourism. Water points would thus promote this objective. Water points can provide focal game viewing points for tourists, thus contributing to the attractiveness of a park and thereby enhancing the economic viability of protected areas (Owen-Smith 1996) . Management intervention will be required during severe drought periods within the natural cycle of providing water in order to achieve the tourism objective. During the dry season of 2003, only one dam provided water in the central region of the Manyeleti Game Reserve. Apart from game being in close proximity to this dam, game viewing in northern and southern parts of the reserve was generally poor. Management needs to maintain a wide variety of game species in sufficient numbers to achieve the game viewing experience of the visitor. Thus the Manyeleti Game Reserve will require the active provision of artificial water in order to prevent the loss of game species to adjacent conservation areas. In order to identify the optimum density of active artificial water supply, it is essential to understand the effect the large number of water sources have had on the vegetation of the Manyeleti Game Reserve. A study is currently being done to quantify the piosphere effect around several water sources (both natural and artificial). This will provide answers towards the optimum number and spacing of water sources during the dry and drought periods in order to promote tourism and sustainable vegetation management.
The management of multi-species systems, e.g. Manyeleti Game Reserve and adjacent conservation areas, has numerous components and variables of which many of them are poorly quantifiable and subject to stochastic variability (Grossman et al. 1999) . Conservation areas that have contributed to the formation of the Greater Kruger Park Conservation Area (GKPCA) through fence removal have important management implications to consider in the compilation of water provision policies relative to the smaller conservation areas within the GKPCA. Open small and medium-sized conservation areas cannot adopt water provision policies alien from the larger conservation areas. The development of water provision policies of the small conservation areas need to be done within the context of the multi-system of which they are apart. This is of paramount importance if the management objectives of any single conservation area are to be achieved. A water provision model that incorporates all the variables of the GKPCA, with particular reference to the smaller conservation areas, should become a research priority.
